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Table 1 Transgenetic C. elegans strains used in this study

Strain name Allele name

Genotype

WENO0417 wenEx0417; acc-1 (tm3268)
WENO0418 wenEx0418; acc-2 (0k2216)
WENO0415 wenEx0415; acc-2 (tm3219)
WENO0414 wenEx0414; acc-3 (tm7453)
WENO0416 wenEx0416; acc-3 (tm3174)
WENO0419 wenEx0419; acc-4 (0k2371)

wenEx0417

wenEx0418 [Psto-3::Chrimson::wCherry; Plin-44::GFP]; acc-2 (0k2216)
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1;

[Psto-3::Chrimson::wCherry; Plin-44::GFP]; acc-1 (tm3268)
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wenEx0416 [Psto-3::Chrimson::wCherry; Plin-44::GFP]; acc-3 (tm3174)
wenEx0419 [Psto-3::Chrimson::wCherry; Plin-44::GFP]; acc-4 (0k2371)
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Fig. 1 Three locomotion patterns in C. elegans

Video frames show three different locomotion patterns of wild type C. elegans : forward locomotion, reversal and turning. The black arrows indicate

the direction of the worm locomotion. The small and the big circle indicate the head and the tail of the nematode, respectively.
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Fig. 2 Locomotion kinematics altered in acetylcholine—gated chloride channel receptor mutants during forward movements
(a=d) Cumulative distribution of forward movement duration in N2 and four acetylcholine-gated chloride channel subunit mutants: acc-1 (tm3268),
acc-2 (0k2216), acc-3 (tm7453), and acc-4 (0k2371). N2: n=149, 12 animals; acc-1 (tm3268): n=211, 12 animals; acc-2 (0k2216): n=157, 12 animals;
acc-3 (tm7453): n=253, 12 animals; acc-4 (0k2371): n=161, 12 animals. Two-sample Kolmogorov-Smirnov test. (e-f) Average frequency and
duration of a forward movement in N2 and four mutants from (a-d), respectively. (g) Average centroid speed of different strains during a forward
movement. Error bars indicate SEM. Mann-Whitney U test, adjusted with Bonferroni correction. ns, no significance, *P<0.05, **P<0.01, ***P<
0.001, ****P<0.000 1.
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Fig.3 Mutations in acetylcholine—gated chloride channel receptor genes affect the body bending amplitude of C. elegans
during forward movements
(a) Schematics illustrate the method for quantifying the amplitude of head bending, which is defined as the standard deviation of normalized curvature
along the 15%-24% of the worm body over the measurement period. (b—c) Compare the amplitude of head bending and mid-body bending in N2 and
acetylcholine-gated chloride channel subunit mutants during forward movement, respectively. N2: #n=149, 12 animals; acc-1 (tm3268): n=211,
12 animals; acc-2 (0k2216): n=157, 12 animals; acc-3 (tm7453): n=253, 12 animals; acc-4 (0k2371): n=161, 12 animals. Error bars indicate SEM.

Mann-Whitney U test, adjusted with Bonferroni correction. ns, no significance, *P<0.05, **P<0.01.
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Fig. 4 Locomotion kinematics altered in acetylcholine—gated chloride channel receptor mutants during backward movement

(a—d) Cumulative distribution of reversal duration in N2 and four acetylcholine-gated chloride channel subunit mutants. N2: n=161, 12 animals; acc-1
(tm3268): n=199, 12 animals; acc-2 (0k2216): n=189, 12 animals; acc-3 (tm7453): n=248, 12 animals; and acc-4 (0k2371): n=137, 12 animals. Two-

sample Kolmogorov-Smirnov test. (e-f) Average frequency and duration of a reversal in N2 and four mutants from (a—d), respectively. (g) Average

centroid speed of different strains during a reversal. Error bars indicate SEM. Mann-Whitney U test, adjusted with Bonferroni correction. ns, no
significance, **P<0.01, ***P<0.001, ****P<0.000 1.



+1386- EMUEEEYIEER

Prog. Biochem. Biophys. 2023; 50 (6)

25 ZEREWITESETF
K HMERIEINRE
SR A iz s g i BB T T
o, G5RE, SN2MIL, acc-1 (tm3268) Fl
acc-4 (0k2371) F7E PREE & (1) B4 5 N2 A1

1818 Z R RE M FE W

", ace-2 (0k2216) Flace-3 (tm7453) W JC i #7451k
(Kl 5a~d) . 5N2AHLL, 4FP3z{RIE RS2 AR L iy
M ) P Yy 4RI JC B AR (K Se) , ace-1
(tm3268) Fl acc-4 (0k2371) F& AR 1y -2 [ia) if K
BERI (F S, XEeE IR, ace-1 Ml acc-4

A RFEZER, AN AEZREENFERE S50 SRS
(a) (b) (© ()
1.0+ 1.0+ 1.0f 1.0+
[ 0.8 - 0.8 @ 0.8 e 0.8
N \% \4 v
g o06f § o6r go6r §06
= E s =
S 04f 3 04f 504} 04
Q, —:N2 Q, —i N2 Q —:N2 Q —:N2
021 — : ace-1 (tm3268) 021 —acc-2 (0k2216) 021 — :acc-3 (tm7453) 021 —acc-4 (0k2371)
0 1 L 1 L 1 1 L 1 1 O L 1 1 1 1 L 1 L 1 1 1 1 0 1 1 1 L 1
1 2345678910 1 23456728910 5 10 15 4 8 12 16 20
Duration of turning/s Duration of turning/s Duration of turning/s Duration of turning/s
(© ®
w S 5k
g ns
E @ L sk
5 s R
g = skskokok
= 2 E ns NS
g 5 st
= ns OF
k- ns =]
5k B 2F
g 5]
Q =
& 21
3 =}
= Q2 0 v
W 968) 1) ys® 1D 968 916 45D 41D
A0 10 0% e 0
aCc aCC a(}c' o,CC o,(lc' a(}c o,CC aCC

Fig. 5 Locomotion kinematics altered in acetylcholine—gated chloride channel receptor mutants during turning behavior

(a—d) Cumulative distribution of turning duration in N2 and four acetylcholine-gated chloride channel subunit mutants. N2: n=88, 12 animals; acc-/
(tm3268): n=82, 12 animals; acc-2 (0k2216): n=134, 12 animals; acc-3 (tm7453): n=108, 12 animals; and acc-4 (0k2371): n=79, 12 animals. Two-

sample Kolmogorov-Smirnov test. (e—f) Average frequency and duration of a turning behavior in N2 and four mutants from (a—d), respectively. Error

bars indicate SEM. Mann-Whitney U test, adjusted with Bonferroni correction. ns, no significance, **P<0.01, ***P<0.001, ****P<0.000 1.
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Fig. 6 Activation of RIB interneurons increases the duration of reversal and the probability of turning in

acetylcholine—gated chloride channel receptor mutants

(a) Schematic illustration of the experimental paradigm for optogenetic activation of RIB interneurons under thermal stimulation. Thermal stimulus

(1 480 nm, 1 s) induces a reversal followed by optogenetic activation of RIB interneurons (635 nm, 1.00 mW/mm?, 7 s). (b) Mean latency from the

onset of red light stimulation to the end of reversal in N2 and four acetylcholine-gated chloride channel subunit mutants. (¢) The probability for

inducing a turning behavior after the thermal-triggered reversal and optogenetic stimulation of RIB. N2: n=85, 18 animals; acc-1 (tm3268): n=48,
10 animals; acc-2 (0k2216): n=42, 15 animals; acc-2 (tm3219): n=74, 10 animals; acc-3 (tm3174): n=46, 10 animals; acc-3 (tm7453): n=83, 12

animals; and acc-4 (0k2371): n=40, 11 animals. Error bars indicate SEM. Mann-Whitney U test, adjusted with Bonferroni correction. ns, no

significance, *P<0.05, **P<0.01, ***P<0.001. (d) Neurons that express ACC channel subunits and postsynaptic neurons to RIB!'*2",
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Table 2 Acetylcholine—gated chloride channel subunits expression in C. elegans

Interneuron

Motor neuron Sensory neuron

acc-1 AIB, SAA, MC, I6, SIB, RIM, I3, AVK, AVA, SAB, RIP,
PVW, RIS, PVQ, AVH
acc-2 RIG, AlZ, RIA, AIM, RIH, AIB, PVQ, RIM*

acc-3 ALA, DVC, RIM, ADA

acc-4 SAB, LUA, SIB, RIH, AIA, PVC, RIF, AVD, SIA, AVE, RIP,
SAA, AVA, SDQ, RIM*

SMD, M3, RMD, MI, DB, DA, AS, VB,

DA, DB, VA, AS, M3, VB, RMF, HSN,

PLM, ASH, AQR

SMB, M1
HSN IL2, URY, CEP, OLQ, URX,
URB
RME, DB IL1,URY, ADF, ASE, CEP,

AWA, PQR, ASK
IL2, URB, URA, PLN
RMD, M4, SMD

We listed the top thirty neurons with the highest ACC subunits expression levels which were referenced from CeNGEN database®*. RIM was

reported to express all four ACC receptors in another study®, so we also listed it here. *Represents the expression of the receptor gene in RIM was

not in the list of top thirty neurons.
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Abstract Objective Acetylcholine is a highly conserved neurotransmitter that plays a crucial role in the
regulation of animal motor behavior. Abnormalities in acetylcholine signaling can lead to various motor
dysfunctions. However, the inhibitory regulatory mechanisms of acetylcholine in motor behavior are not fully
understood. In this study, we used Caenorhabditis elegans as a model organism to investigate the regulatory
effects of acetylcholine-gated chloride channel receptor subunits (ACC-1, ACC-2, ACC-3, ACC-4) on motor
behavior. Methods We used a combination of locomotion tracking, molecular genetics, and optogenetics to
analyze C. elegans locomotion in acetylcholine-gated chloride channel subunit deficient mutants. Results We
found that mutations in these subunits affected the kinematics of forward, backward, and turning movements of
nematodes. The body bending amplitude during forward movement was also modified. Optogenetic activation of
RIB interneurons led to delayed termination of the reversal in these mutant strains. Conclusion These results
suggest that the regulation of acetylcholine-gated chloride channel subunits is required for maintaining and
modulating C. elegans motor states. They also suggest that these subunits may be involved in mediating the
inhibitory regulation of RIB interneurons on backward movement in C. elegans. This study provides new insights
into the regulatory mechanisms of acetylcholine-gated inhibitory receptors in motor behavior.

Key words Caenorhabditis elegans, acetylcholine-gated chloride channel receptors, locomotion tracking,
regulation of motor state
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